Abstract: Arene-and alkanesulfonamides were prepared by treatment of the corresponding sodium sulfonates with triphenylphosphine dibromide or dichloride followed by amines in the presence of triethylamine via sulfonyl halides. Reactions of sodium aminosulfonates gave cyclized products. Amidation of p-toluenesulfonic acid with triphenylphosphine dichloride was also examined to give N-benzyl-p-toluenesulfonamide. Methyl p-toluenesulfonate was obtained by esterification of sodium p-toluenesulfonate via ptoluenesulfonyl chloride.
The sulfamoyl group is a key unit of a number of biologically active molecules, and plays an important role to bring about the activity of sweeteners and drugs such as diuretics, uricosuric, hypoglycemic, antimicrobial reagents and so on as well as herbicides in the field of agriculture.
1 A wide variety of methods have been reported for the preparation of sulfonamides. 2 The most common synthetic method involves the preparation of a sulfonyl chloride, 3 which is usually obtained from a sulfonic acid or its sodium salt with phosphorus pentachloride, phosphoryl chloride or thionyl chloride. However, these processes are exothermic and often need high temperature to complete the reaction and are often inconvenient for other existing functional groups. In addition, there is the disadvantage that the stoichiometric amount of phosphoryl chloride or sulfur dioxide are formed as a byproduct, which are highly toxic and corrosive, when phosphorus pentachloride or thionyl chloride are used as a chlorinating reagent. This prompted us to investigate a mild method to convert sodium sulfonates into sulfonyl halides under neutral conditions. Triphenylphosphine dibromide 1 and dichloride 2 are well-known reagents for C-O bond cleavage in alcohols, phenols, 4 and ethers 5 to give the corresponding C-Br or C-Cl bonds owing to the strong oxygen affinity of phosphorus. Fujimori and co-workers reported that triphenylphosphine/iodine reduced arenesulfonic acids and their derivatives into thiols 6 and the following paper described conversion of aliphatic sulfonic acid derivatives into the corresponding alkyl iodides by the combination of triphenylphosphine and iodine. 7 The driving force of this reduction is both the strong oxygen affinity of a phosphorus and the relatively strong reducing power of an iodide anion. We considered that treatment of sodium sulfonates with triphenylphosphine dibromide or dichloride would provide sulfonyl bromides and chlorides, respectively, because bromide and chloride ions are less reductive than an iodide ion (equation 1). In addition, triphenylphosphine dihalides possess the advantage with regard to formation of neutral triphenylphosphine oxide instead of phosphoryl chloride or sulfur dioxide. In this paper we describe conversion of sodium sulfonates and a sulfonic acid to sulfonamides and a sulfonic acid ester by treatment with Ph 3 P·Br 2 and Ph 3 P·Cl 2 via sulfonyl halides. Ph 3 P·Cl 2 (2) is commercially available and Ph 3 P·Br 2 (1) is readily generated in situ by reaction of triphenylphosphine with bromine in acetonitrile. 8 First, we examined bromination of sodium sulfonates 3 with Ph 3 P·Br 2 (1) followed by amidation with amines 4 (Scheme 1, Table 1 ). Both arene-and alkanesulfonates, except for the naphthalene derivatives, were smoothly converted to the corresponding sulfonyl bromides at room temperature after 1-3 hours to give sulfonamides 5 in good yields after treatment with an amine in the presence of triethylamine. Bromination proceeded even at 0°C after 7-10 hours. b-Hetero substituted sulfonamides 5k and 5l were obtained from corresponding sodium sulfonates in moderate yields (entries 15 and 16). The low yield especially for 5l is probably due to nucleophilic participation of a heteroatom with liberation of sulfur dioxide to form an epionium ion. 9 Bulky sodium 10-camphorsulfonate also converted to the corresponding sulfonamide 5m in good yield (entry 17). 13 ,5m. 11 Compounds 5c and 5g were compared with authentic samples which are commercially available from Aldrich Chemical Co., Inc. Known sulfonamides 5e and 5f gave satisfactory spectroscopic and elemental analyses data. 
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Scheme 2 Scheme 3
We intended to apply this halogenation to the construction of heterocyclic rings by intramolecular amidation (Scheme 3). An unknown 2H,4H-1,3,4-benzodithiazine 3,3-dioxide framework was selected as the first target. Sodium chloromethanesulfonate reacted with o-aminobenzenethiol in alkaline solution at 160-170°C for 12 hours in a sealed tube to give sodium aminosulfonate 7. 2H,4H-1,3,4-Benzodithiazine 3,3-dioxide 9 was obtained in 13% yield from 6 by treatment of the crude salt 7 with Ph 3 P·Br 2 (1) at 0 °C for 1 hour in acetonitrile followed by triethylamine. The low yield of 9 would be due to decomposition of sulfene intermediate 8 10 to a carbene stabilized by an asulfur atom. Next, taurine derivative 10 was treated with Ph 3 P·Cl 2 (2) followed by triethylamine to give b-sultam 11 in 76% yield. These results suggest that triphenylphosphine dihalides are effective for substrates possessing an ammo group. To a suspension of Ph 3 P (2.62 g, 10 mmol) in MeCN (10 mL) was carefully added dropwise at 0°C Br 2 (ca. 0.52 mL, 10 mmol) until the color of Br 2 did not disappear. A trace amount of Ph 3 P was added to the suspension to consume slightly excess Br 2 . Sodium benzenesulfonate (1.80 g, 10 mmol) was added in portions to the mixture at r.t. After 1 h, benzylamine (1.07 g, 10 mmol) and Et 3 N (1.4 mL, 10 mmol) were added dropwise successively at 0°C. After 30 min, water (40 mL) was added to the mixture and the whole was extracted with EtOAc (3 ´40 mL). The extracts were combined, washed with sat. brine (2 ´40 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The residue was purified by column chromatography (silica gel, hexane/EtOAc 20:1-5:1) to give N-benzylsulfonamide 5a; yield: 2.06 g (83%).
N-Benzylbenzenesulfonamide (5a); Typical Procedure with Sodium Sulfonates and Ph 3 P· ·Cl 2 (2):
To a suspension of Ph 3 P·Cl 2 (2) (323-420 mg, 1-1.3 mmol) in MeCN (2 mL) sodium benzenesulfonate (180 mg, 1 mmol) was added in portions at r.t. The mixture was stirred overnight at r.t. and benzylamine (107 mg, 1 mmol) and Et 3 N (0.14 mL, 1 mmol) were successively added dropwise at 0°C. After 30 min, water (10 mL) was added to the mixture and it was extracted with EtOAc (3 ´10 mL). The extracts were combined, washed with sat. brine (2 ´10 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The residue was purified by preparative TLC (silica gel, hexane/EtOAc, 5:1) to give N-benzylsulfonamide 5a; yield: 1.59 g (64%).
2H,4H-1,3,4-Benzodithiazine 3,3-Dioxide (9):
A mixture of 6 (0.458 g, 3 mmol), o-aminobenzenethiol (0.451 g, 3.6 mmol) and NaOH (0.120 g, 3 mmol) in degassed water (12 mL) was heated at 160-170°C under N 2 in a sealed tube for 12 h. The mixture was cooled and evaporated under reduced pressure. The resultant solid was washed well with EtOAc to remove excess o-aminobenzenethiol and it's oxidized product, 2,2¢-diaminodiphenyl disulfide. The crude sodium salt 7 was added to a suspension of Ph 3 P·Br 2 [1, prepared from 0.786 g (3 mmol) of Ph 3 P and ca. 0.15 mL (0.3 mmol) of Br 2 as described above] in MeCN (10 mL) in portions at 0°C. The mixture was stirred at the same temperature for 1 h and Et 3 N (0.42 mL, 3 mmol) was added dropwise. After 30 min, water (40 mL) was added to the mixture and it was extracted with EtOAc (3 ´40 mL). The extracts were combined, washed with sat. brine (2 ´40 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The residue was purified by preparative TLC (silica gel, hexane/EtOAc, 3:1) to give 1,3,4-benzodithiazine 3,3-dioxide 9 as colorless leaves (Et 2 O/ hexane); yield: 81 mg (13%); mp 144-146°C. -3-phenyl-1,2-thiazetidine 1,1-Dioxide (11) : To a suspension of Ph 3 P·Cl 2 (2) (323 mg, 1 mmol) in MeCN (2 mL) sodium aminosulfonate 10 (305 mg, 1 mmol) was added in portions at r.t. The mixture was stirred overnight at r.t. and Et 3 N (0.14 mL, 1 mmol) was added dropwise at 0°C. After 1 h at r.t., water (10 mL) was added to the mixture and it was extracted with EtOAc (3 ´10 mL). The extracts were combined, washed with sat. brine (2 ´10 mL), dried (MgSO 4 ) and evaporated under reduced pressure. 
2-Cyclohexyl
N-Benzyl-p-toluenesulfonamide (5d) by Amidation of p-Toluenesulfonic Acid (12):
To a suspension of Ph 3 P·Cl 2 (2) (420 mg, 1.3 mmol) in MeCN (2 mL) p-toluenesulfonic acid (172 mg, 1 mmol) was added in portions at r.t. The mixture was stirred overnight at r.t. and benzylamine (107 mg, 1 mmol) and Et 3 N (0.14 mL, 1 mmol) were added dropwise at 0°C. After 1 h at r.t., water (10 mL) was added to the mixture and it was extracted with EtOAc (3 ´10 mL). The extracts were combined, washed with sat. brine (2 ´10 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The residue was purified by preparative TLC (silica gel, hexane/EtOAc, 5:1) to give N-benzylsulfonamide 5d; yield: 228 mg (87%).
Methyl p-Toluenesulfonate (13) by Esterification of Sodium p-
Toluenesulfonate:
To a suspension of Ph 3 P·Cl 2 (2) (840 mg, 2.6 mmol) in MeCN (4 mL) sodium p-toluenesulfonate (388 mg, 2 mmol) was added in portions at r.t. The mixture was stirred overnight at r.t. and MeOH (0.41 mL, 10 mmol) and pyridine (0.65 mL, 8 mmol) were added dropwise at -15°C. After 30 min at -15°C, water (20 mL) was added to the mixture and it was extracted with EtOAc (3 ´20 mL). The extracts were combined, washed with sat. brine (2 ´20 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The residue was purified by preparative TLC (silica gel, hexane/EtOAc, 5:1) to give 13; yield: 334 mg (90%). 
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